Using thioureas as H-bonding organocatalysts, nitroalkenes can be activated for the conjugate addition of hydrazones as neutral nucleophiles. Formaldehyde derivatives react at the azomethine carbon as expected, whereas hydrazones from enolizable aldehydes behave as ene-hydrazines and react at the a-carbon instead. Ionic liquids were found to decrease the reaction times considerably compared to commonly used solvents, whereas alternative activation by Lewis acids resulted in decomposition of reactants.
A Broadened Scope for the Use of Hydrazones as Neutral Nucleophiles in the Presence of H-Bonding Organocatalysts

U s e o f H y d r a z o n e s a s N e u t r a l N u c l e o p h i l e s
The usefulness of N,N-dialkylhydrazones in organic synthesis has been reported for a number of carbon-carbon bond-forming reactions. 1 Being considered as aza-enamines, they have been used as nucleophiles with the addition occurring at the azomethine carbon. The fundamental work of Brehme and co-workers has shown that the addition takes place with strong electrophiles such as tosyl isocyanates, tosyl amides and the Vilsmeier-Haack reagent. 2 In more recent times, formaldehyde N,N-dialkylhydrazones have been used as synthetic equivalents of the formyl and cyanide anions, 3 for example in the conjugate addition to conjugated nitroalkenes. 4 There are also examples of asymmetric additions to several types of carbonyl compounds, 5 a,b-unsaturated lactones, 6 alkylidene malonates 7 and cyclic analogues, 8 conjugated enones, 9 and nitroalkenes 10 using proline-derived formaldehyde hydrazones. Recently an organocatalytic addition of a formaldehyde hydrazone to imines has been reported. 11 However, reports on the use of hydrazones from other aldehydes have been sparse due to their inherent lower reactivity. 2 Lately, ureas and thioureas have gained attention as Hbond donors for a number of organo-catalyzed transformations. 12 The easily available double hydrogen-bonding motif has become a powerful tool for the activation of e.g., carbonyl and nitro compounds. Among the different structures thiourea 1, reported by Schreiner and Wittkopp, 13 has proved to be useful for the activation of nitroalkenes, for example in the Friedel-Crafts alkylation ( Figure 1 ).
14 On this basis, we reasoned that the use of organocatalyst 1 could raise the level of reactivity of substrates such as nitroalkenes to the point required for the conjugate addition of relatively unreactive hydrazones, as those derived from simple aldehydes other than formaldehyde. Thus, studies using hydrazones 2a-f in the conjugate addition to nitrostyrene (3a) were initiated and the results are summarized in Table 1 .
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In line with earlier reports, 4 the uncatalyzed addition of formaldehyde hydrazone 2a to b-nitrostyrene (3a) proceeded to yield 4aa as product with incomplete conversion after 18 hours. On the other hand, using thiourea 1 (20 mol%) as the catalyst resulted in full conversion of nitrostyrene (3a), leading to the isolation of 4aa in 90% yield after the same reaction time (Table 1 , entry 1).
Moving to enolizable hydrazones 2b-e, only negligible disappearance of the starting material was observed in the uncatalyzed reaction, even after prolonged reaction times. In sharp contrast, the presence of 1 as catalyst led to extensive consumption of nitrostyrene (3a) at reasonable rates (Table 1 , entries 2-5). However, we did not observe any formation of the expected product, resulting from nucleophilic attack of the hydrazone at the azo-methine carbon. Instead the products were identified as 4ba-fa indicating that the nucleophilic attack had taken place at the a-position of the hydrazone rather than at the azomethine carbon. To the best of our knowledge, the nucleophilic reactivity of the a-carbon of hydrazones under nonbasic conditions is totally unprecedented. Assuming that the hydrazone must be in equilibrium with its ene-hydrazine form, a mechanistic proposal for the observed reactivity is shown in Scheme 1. The products 4 contain two adjacent stereogenic centers and were obtained as mixture of diastereoisomers. Fortunately the products could be separated by column chromatography to obtain the pure major stereoisomers. A sizeable effect on the reactivity in the presence of organocatalyst 1 was noticed after changing the alkyl chain bound to the azo-methine carbon. Thus, a rather long reaction time (140 h) was needed for full conversion using acetaldehyde derived hydrazone 2b under catalyzed conditions (entry 2), while hydrazone 2c and 2d reacted smoothly in 24 hours (entries 3 and 4). These results can be rationalized by considering the stability of the ene-hydrazine forms of the hydrazones, the less substituted acetaldehyde derived ene-hydrazine being rather unstable as compared to the more substituted or conjugated ene-hydrazines of 2c and 2d. The hydrazone originated from isobutyraldehyde was found to be unreactive, a fact attributed to the steric hindrance of the bulky isopropyl group at the reacting center in the corresponding ene-hydrazine.
In order to check if the reaction at the azomethine carbon could be forced, we decided to investigate the behavior of hydrazones not bearing hydrogens at the a-carbon, which, therefore, cannot react as ene-hydrazines. However, no reaction was observed with benzaldehyde or pivalaldehyde N,N-dimethylhydrazones using nitrostyrene (3a) as substrate and catalyst 1. 16 Next, the effect of different substitution patterns at the amino nitrogen was also investigated. Interestingly, hydrazone 2e derived from Naminopyrrolidine showed increased reactivity compared to 2c 17 (entries 3 and 5). On the other hand the N,N-diphenylhydrazone (2f), being bulkier and with a poorer electron-donating amino moiety, was not reactive in this conjugate addition (Table 1, 
entry 6).
This initial screening was carried out using dichloromethane with a catalyst loading of 20 mol%. Other solvents such as toluene and chloroform gave similar outcomes whereas THF, MeOH or MeCN gave poorer results. However, we found that use of ionic liquids (BMImBF 4 or BMImPF 6 ) accelerated the uncatalyzed reactions compared to other solvents. 18 For example, the addition of hydrazone 2c to nitrostyrene (3a) resulted in full disappearance of nitrostyrene in 24 hours, which is similar to the results obtained in the catalytic reaction in dichloromethane. However, products 4 were obtained in generally much lower yields (30-50%) for reactions in ionic liquids. Unfortunately, the combination of an ionic liquid with catalyst 1 was unsuccessful.
The generality of this conjugate addition was demonstrated by performing reactions between a variety of aliphatic and aromatic nitroalkenes 3b-f with hydrazones 2c-e, affording good-to-excellent yields of the expected adducts in all cases ( Table 2) .
The results collected in Table 1 and Table 2 clearly demonstrate that catalyst 1 accelerates the conjugate addition. 19 In contrast, use of catalytic amounts of Lewis acids, such as Sc(OTf) 3 , In(OTf) 3 , InF 3 or Cu(OTf) 2 , results in no or little product formation accompanied by decomposition of the starting material in the addition of hydrazone 2c to nitrostyrene (3a) after 24 hours. These findings indicate that use of thiourea-based organocatalysts is the key strategy for this reaction, since it provides a useful protocol for the conjugate addition of hydrazones to nitroalkenes. Due to their versatile functional group trans- formations, the obtained functionalized nitro-derivatives can be considered important intermediates in organic synthesis. 20 In summary we have provided a broadened scope for the organocatalytic conjugate addition of hydrazones to nitroalkenes. Using catalyst 1, enolizable hydrazones behave as ene-hydrazines, reacting at the b-position to afford g-nitrohydrazones in good yields. The scope and limitations of the methodology, as well as the development of a stereoselective version based on chiral H-bonding catalysts, are current objects of study in our laboratories. 
